"Tagging" financial information using eXtensible Business Reporting Language (XBRL) creates documents that are computer readable and searchable. Since 2004, the Securities and Exchange Commission (SEC) has taken steps toward requiring XBRL to be used in its filings, including a voluntary filing program. Once XBRL is required, investors are likely to demand assurance on the tagging process. The PCAOB has issued guidance on attest engagements regarding XBRL financial information furnished under the SEC's current voluntary filer program, which relies on the auditor agreeing a paper version of the XBRL-related documents to the information in the official EDGAR filing. While this process may be adequate for the current paper-oriented reporting paradigm, the power of XBRL is that it allows individual pieces of financial data to be extracted from the SEC's financial database outside the context of the statements as a whole. This article provides some background on the SEC's efforts to incorporate XBRL into its filing process and a brief overview of the technical aspects of XBRL. Its principal focus is on several important questions that assurance guidance must address in a "data centric" reporting environment, such as, what constitutes an error or what does materiality mean when individual pieces of financial data will be used outside the context of the financial statements? It also describes some XBRL-related areas where academic research can and should provide inputs to the process of developing guidance for XBRL-document assurance.
1 Currently EDGAR accepts as official filings only submissions using American Standard Code for Information Interchange (ASCII) or HyperText Markup Language (HTML). 2 The Voluntary Filer Program was established by the SEC in 2004 and allows registrants to voluntarily file their annual and quarterly reports (10-Ks and 10-Qs) using XBRL filings as supplements to their "that certification and assurance requirements would be appropriate should the Commission consider the use of tagged data on a mandated basis in the future" (p 6). Ernst & Young, LLP agreed in its response to the same proposal stating that "…an audit opinion or interim review report only should accompany financial statements that are included in the official filing" (p 2).
Ernst and Young also stated that by implementing the VFP "the Commission would promote, and be able to evaluate, the market demand for, and the related costs and benefits of, auditor attestation to XBRL-tagged information" (p 2). Another indication of the potential demand for assurance on XBRL-related documents is found in the CFA Institute's survey of its membership regarding issues associated with XBRL tagged data (CFA 2007) . Respondents were asked to indicate the level of assurance they felt necessary to ensure that appropriate XBRL tags are assigned to the amounts from the financial statements. 69% of the respondents said that they preferred either an integrated audit or a separate audit by an independent auditor; 16% felt that certification by management would be sufficient; another 11% supported a non-audit examination by an independent reviewer. Only 3% felt that neither management certification nor an independent audit was necessary.
Auditors currently attest to the material accuracy of the financial statements filed with the SEC using generally accepted accounting principles (GAAP) as the criteria against which the management prepared financial statements are evaluated. Attestation on the financial statements does not apply to the current process of creating XBRL documents, and it is not clear what criteria would be used by auditors or others as they provide assurance services in an XBRL environment. In contrast to a traditional financial audit, the subject matter in an XBRL assurance engagement would be on the XBRL "documents," which are computer files created in the required filings. While the specific registrants that participated in the program have varied across time, participation has averaged around 40 registrants a year. tagging process. As the Assurance Working Group of XBRL International (XBRL 2006) points out "GAAP do not provide enough guidance on these subjects to be used alone as criteria" (p 5).
Technical standards such a XBRL Specification 2.1 and the newly developed suite of US GAAP taxonomies may provide the basis for the measurement required of criteria. However, there are a multitude of practical and conceptual issues, from the initial engagement agreement to a final report, which must be resolved in order for a third-party assuror to complete the XBRL assurance process. These issues include concepts fundamental to a financial statement audit (e.g., the meaning of an error or the nature of materiality) and ideas that underlie sampling (e.g., tolerable deviation rate and sampling risk). The purpose of this paper is to clarify significant but unresolved issues involved in providing assurance on XBRL documents and enumerate some of the potential research issues where accounting and auditing academics might make important contributions.
The remainder of this article is organized as follows: (1) provides background information, including a brief history of XBRL, a description of the critical elements found in XBRL, and the process of tagging financial information, (2) an explanation of some of the shortcomings of current assurance literature, and (3) a discussion of some aspects of providing assurance on XBRL where accounting and auditing research may prove useful in moving XBRL into the mainstream of financial reporting.
BACKGROUND

A Brief History of XBRL
In 2004 the SEC took preliminary steps toward making interactive filing a reality in the US when it amended its rules to allow registrants to voluntarily submit supplemental, tagged financial information using XBRL as exhibits to specified EDGAR filings. In its Proposing Release (Proposed Rule Release No. 33-8496; September 27, 2004 http://www.sec.gov/news/press/2004-138.htm ) the SEC asked interested parties whether they thought that auditors should be required to attest to financial data furnished as part of the VFP.
The prevailing sentiment was that, to encourage participation and experimentation as part of the voluntary program, attestation should be allowed but not required. To assist auditors and other, the Public Company Accounting Oversight Board (PCAOB) issued Q&A's (PCAOB 2005) related to attest engagements regarding XBRL financial information furnished under the VFP. It states that "an auditor may be engaged to examine and report on whether the XBRL-Related Documents accurately reflect the information in the corresponding part of the official EDGAR filings" (p 1) under its interim attestation standards, Attest Engagements (AT section 101), as amended. Thus far, only United Technologies Corporation, a VFP participant, has had its XBRL related documents assured by its auditors (Boritz and No 2007) .
Currently, the SEC has an interactive data test group, which agrees to voluntarily submit a full year of its annual, quarterly and other reports using interactive data. As of September 2007, more than 40 companies participated in the program with a combined market capitalization of that exceeded $2 trillion. Since the XBRL-based financial data under the test program are considered to be 'furnished not filed' 3 , there is no requirement to provide independent assurance on the data. In the absence of such assurance and to ensure that investors and others who use EDGAR will not rely on XBRL-based financial data submitted as part of the test program, the SEC warns users that the purpose of the program is to test the related format and technology and that "the XBRL data should not be relied upon for making decisions about a company's filing. There is no indication that XBRL assurance issues have been resolved in these jurisdictions. The third column of Table 1 provides an example of the attributes that would be found in an XBRL tag (taxonomy element) using Trade Accounts Payable as the financial statement item.
A Brief Overview of XBRL
The standard label represents what would be printed for the element in a financial document produced using the tagged data. "TradeAccountsPayable" is an example of the names found in tags that are used to associate the XBRL element with other attributes found in the taxonomy, such as its normal balance, the type of element that it is, such as whether it is a monetary element or a string of text. In the case of Trade Accounts Payable, the taxonomy would include the fact that it normally has a credit balance and is a monetary item. The description of the element is included in the taxonomy to allow preparers and potentially third-party assurors to assess the appropriateness of the element in the taxonomy represented by the tag. To further help in the assessment of the tags appropriateness to taxonomies includes authoritative references for the item; these can be US GAAP standards or SEC regulations. Table 1 here
The final attribute in Table 1 -
The tagging process associates elements from XBRL taxonomies with corporate financial facts found in the primary financial statements as well as other financial disclosures. The newly created US GAAP taxonomies were intended to be as comprehensive as practicable, however, the diversity of US financial reporting practices often leads corporations to create their own "extension taxonomies" to tag information so that their information is calculated and presented as it would be without XBRL tagging. 6 A taxonomy, whether a broadly accepted standard or unique to a company, typically consists of six interrelated XML files:
A dictionary of elements in the taxonomy; Label Linkbase -the captions and headings that would appear on a rendered document; Calculation Linkbase -calculation relation with other elements; whether the element is added or subtracted to arrive at a total or subtotal (e.g., Current Liabilities); Reference Linkbase -references to the authoritative literature associated with the element; Presentation Linkbase -specifies the order in which elements in the taxonomy appear on rendered financial statements; Definition Linkbase -specifies relationships such as parent-child necessary to generate financial statements (e.g., which elements sum to Current Liabilities).
The product of the tagging process (e.g., the tagged financial statements) is labeled an "instance document." It includes the financial facts of a company each connected with a definition from either a widely-accepted taxonomy (such as the US GAAP taxonomy) or an extension taxonomy of its own creation. An instance document is only nominally a document; it is a computer file that contains the XBRL tags and the associated financial facts. While an instance document can be read by a person with substantial knowledge of financial reporting and the technical aspects of XBRL, it is actually intended to be "read" by a computer. The instance document is combined with another computer file called a style sheet to produce a "rendered" document, which is a printed document that should very closely resemble the printed version of a PDF, HTML or Word document. The instance document could also be used as input to a "viewer" which would create the equivalent to the rendered document on a computer screen.
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The current practice of creating XBRL documents we describe is essentially a "bolt on"
process and is performed after the financial statements themselves have been produced by the traditional accounting process. This approach is expected to evolve so that XBRL tags are incorporated into accounting software and ERP systems; this will substantially change the XBRL tagging process as well as the implications for assurance on XBRL related documents. At that point, the tagging process will be "flipped" and instance documents will be produced prior to
Word or Excel files containing the financial statements. In that event, the tagging process is likely to be considered part of the requirement to assess the internal controls over financial reporting mandated under section 404 of the Sarbanes Oxley Act. There is no evidence that this change has begun, but mandated SEC filings using XBRL could easily be seen as a potent accelerant.
Potential Assurance Issues for XBRL-Related Documents
Currently the XBRL-based financial data under the SEC's voluntary and test programs are furnished not filed; there is no requirement that independent assurance be provided. However, it is useful to examine how the regulators and others consider information provided by the VFP to provide insight into potential issues that might arise if assurance becomes a requirement. developed by a panel of experts and their development followed due process that included public comment. However, the AICPA also concludes that practitioners cannot assume than custom or corporate taxonomies have undergone due process procedures, and they direct practitioners to evaluate whether these taxonomies represent suitable and available criteria.
The audit guidance provided thus far by both the PCAOB and the AICPA focuses on comparing rendered documents with the source documents. This "paper-centric" view implicitly assumes users focus on the printed form of financial information. However, the power of XBRL is the ability to extract large quantities of information from EDGAR across a broad set of companies for comparison and other analysis. This "data-centric" perspective, where the focus is not on whether the information looks the same as it did in the printed format, but instead is on the appropriateness and the accuracy of the individual tags. A paper-centric view suggests that preparers emphasize several of the linkbases found in the taxonomies. Consistent with a papercentric view, preparers in the VFP appear to use the calculation, presentation and definition linkbases to ensure that the XBRL elements in the instance document conform to a format that reflects the presentation exactly as seen in the printed documents. This ability to make the rendered version and the source document appear consistent when in fact the XBRL tagged data may be substantially different potentially undermines the tagging process itself. The PCAOB and the AICPA currently advocate this approach. However, simply because the rendered document and the source document agree does not mean the financial facts within the statements are appropriately tagged.
The shift from a paper-centric to a data-centric focus raises some questions about several aspects of the current audit guidance. First, "agreeing" the rendered version with the source document ignores the steps preparers take via the linkbases to make sure that the documents are the same. This failure to address those intermediate steps raises the issue of whether there exists sufficient precision regarding what constitutes an "error" when providing assurance on XBRL instance documents. While current XBRL validation software can indicate to the auditor whether the tags conform to the technical specifications, it does not provide a measure of whether those tags are appropriate. For example, assume that a preparer is creating a document that includes two comparative income statements. It is possible to accidentally tag the amounts representing sales for each period so that they were for the "other" year and still have the amounts displayed in a rendered document in the appropriate places through the presentation linkbase. In this case, the amounts extracted directly from the database would be wrong (and potentially a material misstatement), yet they would be reflected appropriately in a rendered document. When users employ XBRL as intended, bypassing the 'visible' documents, the potential for material misstatement expands to include tagging errors not necessarily detected through agreeing rendered versions with source documents.
The current audit guidance related to XBRL recommends that the auditor test whether data elements in the XBRL-related documents are appropriately tagged. However, the guidance is unclear about whether sampling of the tags is appropriate or allowed. There are several aspects of sampling of XBRL documents that would need to be clarified to provide adequate guidance to auditors. In traditional audit sampling, the auditor is expected to specify either tolerable error or tolerable deviation rate and a desired reliability (i.e., Bailey 1981; Guy and Carmichael 1986) in order to determine a sample size sufficient to meet the audit objectives. In audits of XBRL documents if the objective of sampling is to determine whether the tagging process has resulted in a material misstatement, an attribute sampling approach would not be appropriate; sampling would only provide an estimated rate of mistagging. A sampling approach aimed at estimating the errors in the financial statements due to inappropriate tags would require an understanding of the underlying distribution of amounts in the population. However, it is not clear that the amounts of the errors are systematically associated with errors in the tagging process. One can imagine a situation where a single mistagging results in a material misstatement or when numerous mistaggings aggregate to an immaterial amount of error. Sampling in traditional audits has evolved techniques that link dollar amounts to selection probability; it is unclear how similar techniques might be applied in XBRL audits. In addition XBRL tags include text strings from disclosures such as the auditors report and MD&A where the amount of error cannot be quantified, yet it is also the case that a single mistagging could result in the statements being materially misstated. If issues regarding sampling cannot be sufficiently resolved, the alternative is 100% testing that may be more expensive than investors and other users are willing to pay.
The concept of materiality in the context of traditional financial reporting refers to the probable impact on the judgment of a reasonable person of an omission or misstatement in a financial report (SAS No. 47, AU 312.10). In conjunction with auditors' risk assessment, materiality's role in planning a financial statement audit is to determine the allocation of audit effort and in the opinion formation phase of the audit to evaluate the implications of the evidence on the statements "taken as a whole" (Messier et al. 2005) . It is not clear how the concepts of risk and materiality translate into an audit of XBRL tags. For example, in planning such an audit it is not apparent how auditors would allocate planning materiality (tolerable misstatement) to account balances or classes of transactions. In a financial statement audit, detection risk, the risk of a material misstatement remaining undetected after audit procedures have been conducted, is a function of control and inherent risks. The notion of control risks in the case of an XBRL engagement pertains to the tagging process rather than the internal controls over the accounting processes. In addition, inherent risk might be more appropriately applied to types of tags, such as those from a standard taxonomy rather than company's extension taxonomy, instead of to an account's or class of transaction's susceptibility to misstatement. In a world where a single inappropriate or missing tag could result in the statements "taken as a whole" being materially misstated some thoughtful and innovative consideration of the concepts of risk of failing to detect mistagging and materiality issues seems necessary.
In addition, it is reasonable to expect that with XBRL-tagged data users will extract single pieces of information from EDGAR about a company across a sample of companies. The concept of materiality in financial statement audits applies to the financial statements taken as a whole. So, it is unclear how the concept of materiality will apply to a single financial fact extracted from EDGAR and viewed outside the context of the financial statements. Providing assurance on such 'data level information' has been proposed (Cohen et al. 2003) . The data-level assurance would add an additional tag to the financial statement item that would include the nature and date of the assurance and the auditors' digital signature along with other systems related information (Boritz and No 2003) .
As was suggested by a mock audit of United Technologies XBRL related documents (Boritz and No 2007) The current audit guidance for XBRL related documents is intended for use in the SEC's VFP. Ultimately, further guidance will be necessary to implement assurance on XBRL-related documents and will need to clearly identify the subject matter of that assurance. It is important to consider the fact that users' foci may be on the data stored in EDGAR with little or no regard to its appearance in a rendered document. XBRL International's AWG discusses an assurance framework that extends from client acceptance through reporting (XBRL International 2006). 8 The suite of US GAAP taxonomy that was released in beta version in 2007 greatly increases the number of standardized elements (to approximately 12,000 additional tags) which should greatly reduce the need for company's extension taxonomies.
One question that must be addressed is whether assurance should be provided on all XBRL-related documents or just the instance document (IAASB 2007), which would greatly reduce the importance of taxonomy elements included in the linkbases. Related questions involve the nature of the assurance. However, alternatives such as review engagements, which would only provide negative assurance, or agreed-upon procedures that do not provide an opinion are unlikely to meet the needs of investors. Ultimately, XBRL tagging is likely to be embedded in accounting software becoming integral to the internal controls over financial reporting and, therefore, incorporated in an integrated financial statement audit. At that point audit guidance should be robust enough to apply across a broad spectrum of XBRL-reporting regimes.
The criteria against which the XBRL subject matter will be evaluated must also be clearly specified. The question of whether customized, corporate taxonomies are necessary for effective and efficient communication of company's financial information needs to be addressed.
Certainly managers believe that such flexibility is critical, leading to the question of whether the benefits of the additional flexibility offset the costs associated with lack of uniformity in disclosure and assurance on those disclosures. There is also the issue of providing assurance on the technical aspects of XBRL. Depending on the depth of XBRL knowledge required it may be necessary for specialists to provide this assurance. The additional costs of employing specialists must be considered in the analysis and weighed against the perceived benefits to the investors.
The crux of XBRL assurance lies in evaluating the accuracy and validity of the tags applied to a company's financial items. In order to perform this evaluation, auditors will need fairly precise guidance as to what constitutes an error, how materiality should be conceived and applied, as well as definitions of risk in XBRL settings.
Potential Research Contributions from Auditing Academics
Academic auditing and accounting research has that ability to make substantial contributions toward answering questions related to assurance of XBRL documents. The potential contributions exist across a broad set of topical areas, including technical XBRL issues and financial markets, such as the level of assurance on XBRL-related documents required by market participants or automation of necessary XBRL assurance procedures. Potential contributions also cross a broad range of research techniques, including archival econometric studies and experiments involving potential users or auditors.
Auditing academics, particularly those with an information systems background, can provide potential solutions to technical issues associated with providing assurance on XBRLrelated documents. For example, given the machine-readable nature of XBRL, it would seem that some form of automation as part of the assurance process would improve both the efficiency and effectiveness of these engagements. One technological development that has potential in this area, which originated in the academic community, is Financial Reporting and Auditing Agent with Net Knowledge (FRAANK) (Bovee et al. 2005 ). An advanced prototype of FRAANK uses intelligent parsing of natural-text financial statements to extract and understand accounting numbers from sources such as EDGAR and to convert financial statements into XBRL-tagged documents. This version has the ability to identify segments of the XBRL taxonomy where the matching tag should be located, a capability which could be used to identify potentially mistagged items. Other yet-to-be-developed software could perform similar identification of tags that do not appear appropriate based on semantic relationships or evaluate a company's extension taxonomy for elements that are duplicates of those found in the standard taxonomy. These technological advances could be utilized within an assurance engagement to facilitate the process while reducing the time required to complete. In addition, for continuing engagements, some means of automating year-on-year comparisons for individual items in a company's financial statements may provide a straightforward way of identifying changes in the tags.
While not directly associated with assurance on XBRL-related documents, technologies based on XBRL could be useful in performing other audit procedures. For example, XBRL tagged data could be used in analytic procedures to quickly develop comparisons based on industry data for very specific types of measures. A similar application might be found in the area of fraud risk assessments. Ultimately, these sorts of applications would rely on the availability of reliable XBRL-based databases. One potential benefit of XBRL may be increased efficiency in the audit process. For example, if XBRL tags were examined early in the process so that reliance could be placed on them throughout the rest of the engagement, providing assurance on XBRL as part of an integrated audit might lead to efficiencies in other aspects of the engagement There are several economics-based aspects of providing assurance on XBRL-related documents where academics could contribute to understanding the potential costs and benefits of doing so. For example, understanding the perceived value that capital market participants place on XBRL assurance is necessary to estimate the demand for assurance and potential prices. The
Assurance Working Group of XBRL International (XBRL 2006) points out that potential formats for XBRL reporting include compliance in a regulatory filing environment, user-prepared reports based on data extracted from sources like EDGAR, and public company prepared financial data tagged and made directly accessible through the Internet (potentially leading to "continuous reporting" (Hunton et al. 2003) ). Each of these reporting formats may require a different level of assurance with different input costs and output benefits. Economic analysis that examines each of these levels of assurance could provide very useful information, particularly to standard setters. Different levels of assurance, including "data-level assurance" (Cohen et al. 2003) , "continuous assurance" (Hunton et al. 2003) and assurance on the integrity of XBRL documents distributed over the Internet (Boritz and No 2003) , have received attention at a conceptual level.
While understanding the economics of these assurance approaches is important, academic research that employs creative approaches to estimating the cost of these prior to broad implementation would yield information to assist regulators and others in making decisions.
Another area where academics might provide insights is in the providers of assurance services. There seems to be a prima fascia belief that auditors who currently perform financial audits will be the ones who provide assurance on XBRL-related documents. Certainly, once the accounting systems evolve to include XBRL tags from which all reports, including financial statements, will be created it seems clear that auditors will be required to provide assurance on XBRL tags. However, for companies who do not fall under the authority of 404, assurance may be more cost effectively performed by other third-parties with information technology, rather than accounting, expertise. Research into the costs of alternative assurance providers could also provide useful information to regulators and information users.
Finally, there are numerous XBRL-based research issues that might be explored through the use of behavioral methods. While a few behavioral or experimental studies have been published in the area of XBRL assurance (e.g., Nicolaou et al. 2003) or the impact of XBRLbased reporting (Hodge et al. 2004) Understanding these issues will assist regulators and others in determining whether the use of a technical XBRL specialist should be mandated.
Judgment is another area that will need to be better understood in the context of an XBRL engagement. For example, certain items that are unique to the client's taxonomy must be evaluated to determine whether they are necessary and adequate extensions. Again, academics can provide information useful in better understanding the level of experience and knowledge necessary to effectively make these sorts of judgments.
Summary and Conclusions
XBRL is an XML-based computer language that allows financial information to be tagged and subsequently stored and retrieved from a financial database such as EDGAR. XBRL documents are created by tagging financial statement information with the XBRL codes to make the data computer readable and searchable. The computer files created in the tagging process translate financial statement information; a potential for material misstatements due to the "tagging" process exists. Consequently, investors and other users are likely to demand some level of assurance on the tagging process and its compliance with technical specifications.
The SEC has taken preliminary steps toward making mandatory XBRL filing likely.
Currently, the SEC has an XBRL test group of registrants that voluntarily submits their annual, quarterly and other reports using interactive data. To encourage participation and experimentation in this voluntary program attestation is allowed but not required. While guidance to auditors that might attest to the XBRL data is limited, the PCAOB has issued Q&A's related to attest engagements regarding XBRL financial information furnished under this program. Current audit guidance from the PCAOB and the AICPA rely on the auditor agreeing rendered XBRL-related documents to the information in the official EDGAR filing. While this process may be adequate for the reporting paradigm based on printed reports and the context of statements taken as a whole, several important issues must be addressed before the assurance guidance is adequate for a "data-centric" reporting environment. These issues include a better definition of what constitutes an "error" and a clearer meaning of materiality when individual data elements can be extracted and used outside the context of the financial statements where they originated. Academic research can and should provide valuable, objective inputs to the process of developing guidance for XBRL-document assurance. 
Description
The definition based on the description found in the authoritative literature.
Recurring obligations of a business that arise from the acquisition of merchandise, materials, supplies and services used in the production and/or sale of goods and services.
Reference
Location of the authoritative literature for the financial element. The reference can include the name of the reference literature, as well as reference paragraphs and subparagraphs.
Accounting Research Bulletin (ARB) 43 FASB 7 3A (Standard)
Context
Context includes the specific circumstances of the financial element such as the organization for which the instance document has been prepared, the currency in which the element is denominated and the maximum number of significant digits. It also conveys the type financial data (e.g., actual, budget, restated, pro forma, etc.) The duration of the element identifies whether the element is for a specific date or an interval. This is a critical attribute because it uniquely identifies the element in terms of the entity, reporting period and types of statements (actual, restated, etc.) . 
XBRL Specification
